Hypertension in childhood is clearly related to obesity, although it can also be present in from 1%-3% of children of normal weight (NW). [1] [2] [3] [4] A role for fat distribution has been advocated to explain the occurrence of hypertension in the absence of obesity, and the risk of hypertension has been shown to be linked to waist circumference in children and adolescents both of NW and OW. 5, 6 In adults it has been shown that the relationship between fat distribution and hypertension depends on the degree of insulin resistance induced by visceral fat. 7 In addition, changes in the secretion of fat-derived cytokines have been linked to metabolic cardiovascular risk factors, in part through the effects on insulin sensitivity. 8 To date, the greatest interest among all adipocytokines has been focused on adiponectin (AD) because of its anti-inflammatory, antiatherogenic, and insulin-sensitizing properties. 9, 10 Reduced levels of circulating AD have been described in both obesity 11 and hypertension. 12 Cross-sectional 13 and prospective studies 14 have linked hypoadiponectinemia to hypertension. Some studies have documented a relationship between reduced concentrations of AD and visceral fat accumulation. 11, 15 In the past decade, a number of studies related to relationships of AD with obesity, insulin resistance, or fat distribution have been done in children. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] In these subjects, a negative relationship between AD and visceral fat was described, as in adults. [16] [17] [18] [19] Additionally, a few studies have described an inverse relationship between AD and blood pressure (BP), 24, 25, 28, 30, 33 but none of these studies evaluated the influence of both insulin resistance and fat distribution on the relationship between AD and values of BP.
The aim of the present study was to evaluate the interrelationships between AD, BP, obesity, fat distribution, and insulin resistance in childhood. The study was done in a selected group of children and adolescents ranging in age from 5-18 years, with or without untreated primary hypertension, who were categorized on the basis of their weight status.
Methods auxological Parameters
The study was a cross-sectional, observational study involving 127 children who were referred by primary care physicians (family pediatricians) to the Unit for Cardiovascular Risk in Children of the San Gerardo Hospital in Milan for either elevated BP values or excess body weight. A control group of 59 children who were normotensive (NT) and of NW was also studied. Subjects were subdivided according to weight as being of NW or obese (OB), and to the BP categories of normotensive (NT) or hypertensive (HT).
Informed consent for the subjects' participation was obtained from their parents. The protocol for the study was approved by the local ethics committee. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ) and converted for use on the z-score scale on the charts available from the U.S. Centers for Disease Control and Prevention. 34 Weight was approximated to the nearest 100 g, and height precision was approximated to the nearest 0.5 cm. The weight class of an individual child was defined according to the tables of the International Obesity Task Force. 35 Waist circumference (WC) was measured to the nearest 0.5 cm with a nonelastic flexible tape with the subject in the standing position. The tape was applied horizontally midway between the lowest rib margin and the iliac crest. The waist circumference-to-height-ratio (WCHR) was calculated by dividing WC by height. The fat-distribution class of an individual child was defined according to a WCHR > 50% and WCHR ≤ 50%. 36 Blood pressure was measured with an aneroid sphygmomanometer with the appropriate cuff for the child's upper arm size. The aneroid sphygmomanometer was calibrated with a mercury sphygmomanometer. Measurements were made while children were sitting with their backs supported and the cubital fossa supported at heart level, after at least 5 minutes of rest. Systolic BP (SBP) was defined by the first Korotkoff sound (appearance of sounds) and diastolic BP (DBP) was identified by the fifth Korotkoff sound (disappearance of sounds). Values of BP were approximated to the nearest 2 mm Hg. Three measurements of BP were made at 3-5-minute intervals from one another, and percentiles of SBP and DBP were calculated according to the normograms recommended by the National High Blood Pressure Education Program (NHBPEP) Working Group on High Blood Pressure in Children and Adolescents. 37 If the percentiles of the means of the three measurements of both SBP and DBP were below the 90th centile, a child was classified as NT, whereas if they were above or equal to the 95th centile the child was classified as HT. Pubertal stage was assessed and classified into the two categories of prepubertal and pubertal according to Tanner. 38 
Biochemical Parameters
All subjects underwent a 12-hour fast before having a blood sample taken for measurement of the concentrations of glucose, insulin, total cholesterol, triglycerides, and high-density lipoprotein (HDL). Plasma glucose was determined with a glucose oxidase method (Gluc 3 Cobas Roche, Germany) and insulin (Insulin Elecsys Cobas Roche, Germany) with a chemiluminescent immunometric assay. Children with a plasma glucose concentration > 100 mg/dl were excluded from the study.
Plasma triglycerides (Trigl Cobas Roche, Germany) and cholesterol were measured enzymatically. The plasma concentration of HDL cholesterol (HDLC3 Cobas Roche, Germany) was obtained after precipitation with a phosphotungistic acid reagent. The homeostatic model assessment (HOMA) index was calculated by dividing the product of the plasma insulin (μU/ml) and plasma glucose (mmol/l) concentrations by 22.5.
Adiponectin (AD) was assayed with a specific kit (B-Bridge International, Cupertino, CA). The sensitivity of the method was 23.4 pg/ml, the intra-assay coefficient of variation (CV) was 4.64%, and the interassay CV was 7.33%. All assays were centralized in a single laboratory.
statistical analysis
The continuous variables age, height, weight, BMI (BMI z-score), WC, WCHR, glucose, insulin, HOMA index, total cholesterol, HDL cholesterol, triglycerides, AD, SBP (SBP z-score), and DBP (DBP z-score) were described in each group by the mean, median and standard deviation.
Comparisons across the selected groups were made through a model based on two-way analysis of variance (ANOVA) (at a level of significance of α = 0.05), with joint consideration of the effect of weight class (OB vs. NT) and hypertension class (HT vs. NT). This provided, with the Fisher-Snecodor test, the effect of each of these two factors and the possible existence of interactions between them. The categorical variables gender, puberty, and WCHR (≤ 50%, > 50%) were described in each selected group by the proportion of subjects falling into each category. These proportions were compared across selected groups through the use of a logistic regression model that took into consideration both the effect of weight class (OB vs. NT) and BP category (HT vs. NT), assessing the effect of these two factors.
Box-plots were used to describe the distributions of AD, BMI (z-score), and WCHR in each selected group and according to groups defined by BP category and WCHR (≤ 50%, > 50%). Comparisons across groups were made with a model based on two-way ANOVA. Post-hoc comparisons of the NT-OB vs. HT-NW group and of the NT-WCHR > 50% vs. HT-WCHR ≤ 50% group were made with use of the t-test at a level of α = 0.01 to account for multiple testing. Multiple linear regression was used to assess the influence on AD of weight class (OB vs. NW, or BMI z-score) or WCHR (> 50% vs. ≤ 50%, or as a continuous variable), BP category (HT vs. NT, or SBP and DBP z-scores), HOMA index, and pubertal status, with investigation also of first-level interactions. The measure R 2 was calculated to assess the fraction of heterogeneity in the response variable that was explained by the regressors. Multiple logistic regression was used to assess the effect of AD on the HOMA index (z-score), and on the probability of a subject being HT, with adjustment for pubertal status. The model was adjusted by weight class (or fat distribution) as a categorical and continuous variable even if this characteristic was taken into account by the attempt in the study selection procedure to balance cases (HT) and controls (NT) by weight class and fat distribution. The adjustment permits accounting for modest imbalances between the OB and NW fractions in HT and NT and, more importantly, for the imbalances in the distribution of BMI z-score and in the distribution of WCHR in the HT and NT subjects. First-level interactions were also investigated. The area under the receiver operating characteristic (ROC) curve and the Hosmer-Lemeshow test were used to assess the discrimination and calibration of the model. No data were missing for any of the variables described above. All analyses were done with SAS statistical software (SAS Institute, Cary, NC), and the statistical package R 39 was used for generating graphic images of findings in the study. Table 1 shows the characteristics of the sample population in the study according to BP category and weight class. As expected, BMI, BMI z-score, WC, and WCHR were greater in OB than in NW children. All of these variables were also higher in the HT than in the NT subjects. The SBP and SBP z-score and DBP and DBP z-score were higher in HT than in NT subjects because the definition of HT involves both SBP and DBP z-scores. It is interesting to note that the SBP z-score was greater in OB than in NW children, regardless of the BP category to which they belonged (P = 0.005).
Metabolic Parameters
With regard to metabolic parameters, glucose, serum levels of insulin, and the HOMA index were all higher in HT than NT children (P = 0.006, P < 0.001, P < 0.001, respectively). The same difference was found for insulin and the HOMA index when OB children were compared with NW children (P < 0.0001 for both variables). Values of HDL cholesterol were lower in OB than in NW children (P < 0.0001), whereas no differences were found in HDL cholesterol in HT and NT subjects. The serum AD concentration was lower in OB than in NW children (P < 0.0001), and in HT than in NT children (P < 0.001). Figure 1a shows the distribution of AD in the four study groups. The AD values of NT-NW children were significantly higher than those in all of the other study groups, whereas HT-OB subjects showed the lowest AD levels. The AD levels in HT-NW and NT-OB children were not significantly different from one another.
After redefinition of the groups on the basis of fatdistribution class (WCHR > 50% vs. WCHR ≤ 50%) rather than weight class, similar differences in AD were found among the BP groups in the study (Figure 1b) . Among NW children, HT subjects had BMI z-scores greater than those of NT children. Similarly, among OB children, BMI z-scores were higher in HT subjects (Figure 2a) . After the groups were redefined according to fat-distribution class, WCHR was significantly higher in HT than in NT children in both the WCHR ≤ 50% and WCHR > 50% groups (Figure 2b ).
Multiple linear and logistic regression models
The multiple linear regression model showed that obesity, hypertension, and puberty were inversely related to serum AD concentration (Table 2 , model 1). The same finding was made when the fat-distribution class rather than weight class was considered in the model (Table 2 , model 2). When the continuous values BMI and SBP (z-scores) and WCHR were used as regressors ( Table 2 , models 3 and 4), an inverse correlation of BMI z-score and WCHR with serum AD levels was found. Multiple logistic regression, adjusted for weight and WCHR class or for BMI z-score and WCHR (%), showed that values of AD were inversely associated and that values of the HOMA index were directly associated with hypertension ( Table 3) . The relationship between AD and hypertension was significant even after adjustment for puberty. A reduction of 10 times (i.e., one unit on the log 10 scale) in AD serum levels was associated with a 50% increased probability of having hypertension in all the models used.
discussion
The main findings of this study were that: (i) serum concentrations of AD were lower in OB and HT children than in NW and NT children of comparable age, gender, and pubertal stage. The lowest serum levels of AD were found in subjects who were both HT and OB, whereas those who were of NW and NT had the highest serum levels of AD.
An inverse relationship between serum AD concentration and both weight class and BP was previously described in childhood. [16] [17] [18] [19] 28, 30, 33 Our data supported this relationship, but the design of our study also provided information about the role of both weight class and BP on serum AD concentrations. It found the highest serum levels of AD in the presence of both normal weight and normal BP, with the lowest concentrations being found in OB-HT children (Fig. 1a) . As compared with the combination of NW and NT, both hypertension in children of NW and obesity in those who had normal BP had a similar effect in reducing concentrations of AD. These data suggest that low values of AD in childhood may be associated with both obesity and hypertension.
A similar pattern of serum AD concentrations was found when fat-distribution classes rather than weight classes were considered (Fig. 1b) , suggesting that obesity and fat distribution have a comparable relationship with AD. It must be pointed out that weight classes and WCHR classes do not exactly identify the same subjects in our sample, in which most but not all (i.e., 51 of 52) OB-HT children had a WCHR > 50%, and that most but not all (i.e., 55 of 59) NW-NT children had a WCHR < 50% According to our data, weight and WCHR class were independently associated with serum levels of AD ( Table 2 ). The Table 1 . Descriptive characteristics of 186 children according to blood pressure category and weight class Abbreviations: NT, normotensive; HT, hypertensive; NW, normal weight; OB, obese; BMI, body mass index; WC, waist circumference; WCHR, waist circumference-to-height-ratio; HOMA index = plasma insulin (U/mL) × plasma glucose (mmol/l)/22.5; adiponectin (ng/ml); BP, blood pressure.
same was also true when BMI or WCHR values were considered. Some studies have described similar relationships between anthropometric variables and AD, [16] [17] [18] [19] but none of these studies took into account the effect of both puberty and insulin sensitivity in the same statistical model. Our analysis suggested that the association among obesity, fat distribution, and serum AD concentration was partly independent of puberty and insulin sensitivity.
In the multiple logistic regression model used in our study, both the serum concentration of AD and the HOMA index were independently related to hypertension, even after adjustment for weight status, fat distribution, and puberty (Table 3) . To our knowledge, this is a new finding in the pediatric literature. We recently showed that insulin resistance (as estimated by the HOMA index) was a predictor of the risk of hypertension in childhood. 40 The present study showed a link between serum AD concentration and hypertension, in addition to the link between the serum concentration of AD and the HOMA-index, suggesting that the action of AD on hypertension may be partly independent of the effect of insulin resistance on hypertension. Studies in adults have found a direct vasculoprotective effect of AD, 9, 10, 41, 42 and we may therefore speculate that AD and insulin resistance are responsible for partly independent mechanisms leading to Abbreviations: CI, confidence interval; C, area under the receiver operating characteristic curve; X 2 , Hosmer and Lemeshow calibration statistic; NW, normal weight; OB, obese; WCHR, waist circumference-to-height ratio; BMI, body mass index; HOMA index = plasma insulin (mU/ ml) x plasma glucose (mmol/l)/22.5. a log10 scale.
No statistically significant (P < 0.05) first-level interactions were present in any model. 10 scale was considered to improve symmetry of the distribution. Abbreviations: b, coefficient; R 2 , fraction of variation in the outcome explained by the regression model; NW, normal weight; OB, obese; WCHR, waist circumference-to-height ratio; BMI, body mass index; HT, hypertension; NT, normotension; SBP, systolic blood pressure; HOMA index = plasma insulin (U/ml) x plasma glucose (mmol/l)/22.5.
No statistically significant (P < 0.05) first-level interactions were present in any model.
hypertension, which would begin in childhood, even though the present study was not directed at elucidating these specific effects. A major limitation of this study was its cross-sectional design, which does not permit the establishment of a causeand-effect relationships between AD and hypertension, thus warranting further longitudinal studies. Another limitation of the study was its relatively small sample of NW children with hypertension, although primary hypertension is a rare condition in this age-group. Even though we described significant differences in AD concentrations among the different groups in our study, we observed a notable difference in its concentrations within each group. This suggested that some of the NT children in the present study had relatively low serum concentrations of AD. This observation, together with the finding that subjects with lower serum AD values had a higher probability of having hypertension, suggested that AD may have value in clinical practice as an indicator of the risk of hypertension. A prospective study with the object of describing changes in BP over time in NT children with low serum AD concentrations would be of great interest for assessing whether hypoadiponectinemia may predict the risk of hypertension in children, as it has already been described to do in adults. 14 
